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Abstract 
The fossil fuels mainly imported oil and natural gas are major sources of electricity generation in 
Pakistan. The combustion of fossil fuels in thermal power plants has greater environmental impacts like 
air pollution and global warming. Additionally, the import of oil is a heavy burden on the poor economy 
of the country. Pakistan is a country with huge renewable sources; wind energy being the major one . This 
paper elucidate the cost-competitiveness of wind power with the conventional thermal power plants. In 
this regard, Levelized estimated cost of a 15MW wind power plant is compared with three types of 
conventional thermal power plants, namely (i) Oil-fired thermal power plant (ii) Natural gas-fire combine 
cycle power plant (iii) Diesel oil- fired gas turbine cycle 100MW each. The results show that the cost of 
wind energy is lowest with Rs. 3 /kWh. It is concluded that the wind power is cost-competitive to the 
conventional thermal power plants in Pakistan. The cost estimation for wind energy is lowest of all others 
with Rs. 3 /kWh. 
 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Research 
Center in Energy and Environment, Thaksin University. 
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1. Introduction 
 
Importance of electricity is considered as the backbone for the socio-economical and industrial 
development for any country. The rapid growing population of the world and modern technological 
development in every sector of the society requires increasing electricity generation. Electricity generated 
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from the conventional fossil fuel sources is costly because of the increasing prices of these fuels in the 
international market. Due to spiral rising in the fuel prices, the cost of electrical generation from 
conventional power plants is becoming costlier. The progressive inefficiencies due to wear and tear and 
environmental impacts are additional problems of major concern. Therefore nations are continually 
striving to overcome these difficulties. To solve these issues, one of the option is conversion of electricity 
generation systems to alternative sources like renewable energy (wind, solar, biomass etc). [1] 
Pakistan as a developing country, also with no exception having  annual GDP growth rate 3.8% while 
the inflation rate remained 14% for the year 2011. Existing population of the country is 188 million (sixth 
largest in the world) and increasing with an annual growth rate of 2.05% [2]. Primary energy supplies 
heavily depend on imported crude oil and petroleum products due to which country’s import bill cross to 
US$ 13 billion for the year 2010-2011 which is a huge burden on country’s economy. During this period  
total electricity generated in the country was 94,653 GWh. The share of thermal power plants were 
(62.5%), hydel power plants were (33.6%) and nuclear power plants and imported were (3.9%) as shown 
in Fig. 1 [3].  
Pakistan is struggling with huge gap between electricity supply and demand resulted in marathon 
power cuts. This have badly affected the nearly  all socio-economic sectors of the country. The short fall 
reaching 8000MW maximum has been observed during the summer of 2013 [4]. The reason is that the 
poor economy of country cannot provide oil to the power plants while supply of indigenous natural gas is 
limited. Pakistan has a huge deposit of coal (185billion ton) but it cannot be utilized yet.[1]  
  
         
 
Fig. 1.  Electricity generation by source in Pakistan in 2010-11. 
Nuclear energy in the country cannot be upgraded due to high capital cost and international embargo. 
Fossil fuels used in power plants have adversely affected the environment in the country due to hazardous 
emissions from the stacks of these power plants. Like developed countries in the world, Pakistan must 
develop its indigenous alternative renewable resources to fulfil its future energy demand. Wind power is 
one of the cheapest renewable energy source and it is also environmental friendly alternative free from all 
 A. Mengal et al. /  Energy Procedia  52 ( 2014 )  59 – 67 61
types of emissions [5].  This paper presents the competitiveness of wind power with the conventional 
thermal power plants. 
2. Wind Energy Potential in Pakistan 
 
Pakistan has been blessed with a wind corridor from Hyderabad to Keti Bandar along the 250km 
coastline of Sindh province having immense potential to generate thousands of megawatts of electricity. 
Moreover 800km costal area of Balochistan and some places in northern mountainous areas provide an 
excellent source of wind energy[1-5]. Wind potential has been estimated by some researchers along the 
coastline using the 9 wind turbines, 600kW each in one km2 and considering 5.4MW/ km2 wind power 
density. Excluding the low wind areas power has been estimated by them was 123GW[1]. The latest wind 
map developed by National Renewable Energy Laboratory (NREL) USA has indicated the availability of 
346,000 MW wind potential in Pakistan Fig 2 [6]. They used 3% of total land of Pakistan by selecting 
“Good to Excellent wind” areas. Despite this huge potential only 150 MW capacity installation has 
become possible so for.  
 
Fig 2. Wind map of Pakistan [6] 
 
The Government of Pakistan created the Alternative Energy development Board (AEDB) in May 
2003 to act as the central national body on the subject of renewable energy. The main objective of the 
Board is to facilitate, promote and encourage development of renewable energy in Pakistan [7]. AEDB 
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has issued a letter of interest to number of International companies interested investment into wind power 
generation projects of 50 MW each near Gharo and Jahumpir in Sindh province. Three companies “FFC 
Energy Limited” “Gorges company” and “Zorlu Energy Pakistan ” have completed their work and have 
been connected to national grid.[2]   
 
2. Cost Analysis of Electricity Generation systems 
 
For the cost analysis of electricity generation systems, four main costs related to power plants must be 
estimated first. These includes capital cost, fuel cost, operation and maintenance (O&M) cost and external 
costs. Capital cost consists on the initial expenses for planning & design, equipments, engineering  system 
and installation. This cost is the amount  that can occur at the initial stage of the project. The operating 
and maintance costs include the repair, operation, inspection and salaries of labor during yearly 
operations while external costs are occurred due environment impacts. 
 There are many methods for cost estimation for different electricity generation systems but we 
use Levelized cost of energy (LCOE) for our research. 
2.1  Levelized Cost of Energy (LCOE) 
Levelized cost is often cited as a convenient summary measure of the overall competiveness of 
different generating technologies. It represents the per-kilowatt-hour cost of operating a generating plant 
over an assumed financial life and duty cycle.  
For the electricity cost estimation the whole life of the electricity generation plant is considered. 
All future costs are converted to present amount (PA) , capacity recovery factor (CRF) converts the 
present amount value into a stream of equal annual payment over a specified time, at a specified discount 
rate .Multiplying the present amount by capital recovery factor an equivalent annual Levelized cost 
during the plant life is calculated [8]. 
 
The Levelized cost is calculated using the following equations. 
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where 
 
Ck   Sum of capital costs of plant 
CO&M               Operating and maintenance cost 
CFuel                 Fuel cost 
CEc   External cost 
TPC   Total plant cost ($/KW) 
r   Discount rate (%) 
CL   Construction life(Years) 
HY    Hours per years 
HRFCCFuel u 
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CF    Capacity factor (%) 
FOM                 Fixed O&M cost ($/KW year) 
VOM   Variable O&M cost (&/KWh) 
FC    Fuel cost ($/MMBtu) 
eO&M                   Escalation rate of O&M cost(%) 
eFuel                                 Escalation rate of fuel    cost (%) 
PL                                   Plant life (years) 
DR                                  Depreciation rate 
 
2.2  Cost estimation 
Data related to the economic parameters and fuel cost used in this study are taken from the [3,9,14]. 
The values of economic parameters are presented in Table  1.  While fuel costs are presented in Table  2. 
Table 1. Economic Parameters[3-9] 
 
Parameters       Value of Parameters 
 
Discount rate (%)        12  
Escalation rate of O&M cost (%)                        2 
Escalation rate of fuel cost (%)        1 
 
Total construction period of  the whole plant is an important parameter in the electricity generation 
cost because all investment before generation like designing and installations are part of capital cost. 
Depreciation value of an asset is the lowering value after it used. For estimation of depreciation value its 
residual value is determined first and subtracted from the original value. Annual depreciation amount 
during the whole life of the plant can be calculated by dividing the total depreciation amount to the plant 
life similarly the depreciation rate (DR) is estimated by dividing the annual depreciation amount to the 
total depreciation amount. In this research the residual value of the plant is consider as zero. It was also 
assumed that due to the variation in inflation rates in the country the O&M cost would increase at the rate 
of 2%, while fuel escalation rate was considered at 1% during the year 2011. 
Three types of conventional power plants 100 MW each and 15 MW of a wind power plant were 
considered for analysis purposes, namely. 
Conventional steam fuel oil fired                                 CSFO 
Gas turbine diesel oil fired                                         GTDO 
Combined cycle natural gas fired                                 CCNG 
 Wind Energy power plant                                          WEPP 
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The data related to the parameters of these  different kind of power plants are taken from [10-11] 
and  presented in Table 2. 
Table 2. Essential data and system parameters used in Levelized cost estimation for different power plants [10-11] 
 
 
System Parameters and cost items                                                          Methods of Electricity generation Technology 
                                                                              CCNG                      GTDO                        CSFO                          WEPP 
Installed capacity  (MW)                                                100                               100                              100                             15  
Total plant cost  ($/KW)                                                 978                               550                            1100                         2000 
Variable O&M cost  ($/MWh)                                       3.43                               5.5                               2.4                                0                              
Fixed O&M cost   ($/KW/year)                                  14.39                              16.3                           12.25                         28.07 
Generation hours per years                                           8760                            8760                             8760                          8760   
Plant life  ( years)                                                              30                                30                                 30                              20 
Fuel  cost  ($/MMBtu)                                                   5.61                           16.17                            15.10                                0 
Heat Rate  (Btu/KWh)                                                  7050                          13100                           10850                                0 
Capacity Factor  (%)                                                         87                                82                                 65                             33 
Construction life   (years)                                                   4                                  5                                    5                               1 
1US$= 98.33 Pak rupees 
 
2.3 External costs 
These are the costs which are occur  when the emissions from power plants damage the environment 
like buildings, crops, human health  and soil. These costs are estimated according to the plant 
specifications , type of fuel used , quality of fuel, emission control technology in power plant and 
combustion temperature. Generally air pollutant gases, such as CO2, SO2, NOX and particulate matters are 
emitted from electric power plants[12-13]. Estimating the damage cost of these pollutant is beyond the 
approach of this research paper. The values of the external cost are taken from [11] and shown for 
different sources of electrical generation in Table  3. 
Table 3. External cost for different source of electrical generation (cent/kwh) 
 
Source    External Cost   (cent/kwh) 
 
CSFO    3.8328 
GTDO    2.5829 
CCNG    0.8749 
WEPP    0.0469 
1US$= 98.33 Pak rupees 
 
Using the values from the Table 1 and  Table 2  in Equation (1) the levelized costs (cent/kWh) 
for four sources of electricity have been calculated and presented in Table  4 
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Fig. 3 Levelised cost of Electricity generation from different sources 
Table 4. Levelized costs and external costs (cent/kWh) for different sources  
 
Sources                Levelized costs             External  costs                 Total costs 
 
CSFO             21.6004                        3.8328                              25.4332                              
GTDO             22.7467                        2.5829                              25.329 
CCNG                   6.1675                           0.8749                             7.0415 
WEPP                    3.0995                           0.0469                             3.1464 
 
3. Results and discussion 
 
 Results show that per unit cost of electricity generation from the fuel oil is higher as compare to 
other sources considered .This is due to higher fuel cost fraction in the total. Also the external costs 
associated with this source are higher than all other sources. According to Fig. 3 the natural gas is 
carrying the second highest value, mainly due to lower fuel and external cost .The cost of wind power is 
the lowest among all the conventional sources considered with 3 cents/kwh. This source has no fuel cost 
and external costs are about negligible because there is no any emissions during generation process only 
minimum amount of emissions are possible during the construction and installation work. It is 
environmental friendly source of power generation. 
First scenario 
 Decreasing the capital cost of wind power to (1500$/KW) 
From  Fig 4 it is observed that when the capital costs/kWh of  wind power is decrease its generation 
cost considerably decreases. Due to advancements in wind energy technology the capital cost may vary in 
times to come. 
Second scenario 
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 Increasing  the Capacity Factor of  wind power 
From Fig .4 it also observed that the total generation cost of wind power plant decreased with a 
decrease in the capital cost and increase in capacity factor . Hence by increasing capacity factor at a fixed 
capital cost the wind power secure more cost competitive which is expected in near future. In Pakistan 
there are many locations like Jamshoro where capacity factor is more than  35% [5]. 
 
      
     Fig. 4 Wind Energy power plant Capicity Factor (%) 
4. Conclusion  
 
The paper concludes that generation of electricity from wind power is about (3cents/kWh) which is 
lowest among all conventional power plants considered .There is immense attention required in the 
development of wind power technologies by different agencies of the country. If Government of Pakistan 
install  high capacity wind Turbines at high wind potential areas a mega amount of electricity can be 
generated which will eradicate short fall of electricity in the country and reduce the rely on imported oil. 
By installing wind power generation there will be a positive effect on the regional as well as Global 
environment by reducing harmful emissions. 
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